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(57) ABSTRACT

A piston-cylinder unit includes: a cylindrical pressure tube
having a first end side defining an end side opening; a piston,
axially displaceable 1n the pressure tube, the piston having a
piston rod, the piston rod being guided out of the pressure
tube at the first end side through the end side opening; a piston
rod guide and a piston rod seal, arranged 1nside the pressure
tube, which cooperate together to sealingly guide the piston
rod at the end side opening; and a cup-like protective cap
surrounding an end region of the cylindrical pressure tube
from the first end side, the protective cap having a base at 1ts
end, the base having a coaxial through-orifice having an inner
wall through which the piston rod extends in a displaceable
manner. The mner wall of the through-orifice tightly sur-
rounds the piston rod.

8 Claims, 2 Drawing Sheets

*'lf#. @80 66 B 86 NG 5.0 0 0 0 A N ...

"i
‘a

-
Ny,
5 ﬂ"‘"

".}‘

Lo

(o]
1%

*h"ﬂ" t‘*‘*‘*ﬂ’"‘!ﬁfﬁv‘*i'ATLTLTLT;Tn‘F‘T;’T-i‘f.l."’.u‘l’n.‘fj."l"x"’a.‘f 2



US 9,334,918 B2

Sheet 1 of 2

May 10, 2016

U.S. Patent

S E— _..___5____*_;_. L

. -

, \ B e ) llliiliilHHHHiilfHﬂHHﬂL
< 2%
y;
7

1...#*.:1

u
......._....__...-.f....._...__...ﬁ.._.

s iy "y

X R H ﬁ_- .--.__.-ﬁ.._i._l. . 10 "
..._.Hﬁ,,.“ "\:ﬁ -...ﬂ?//,m... E,Huﬂn.ﬂu.u
;

4 &7



U.S. Patent May 10, 2016 Sheet 2 of 2 US 9,334,918 B2

g2

2]
35. /
X

PR GOOOEE DG EN.PE 0.0 W, W W ..

"h‘i'.“RT&TA""T‘TLT‘T*T;TA"LT‘T‘TATLTLT.{F‘T‘TiTi.Tn"I"'.-.'T'.i."l"-:"ﬂl"-.'-i

(4]

*i?tfiftt



US 9,334,918 B2

1
PISTON-CYLINDER UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention 1s directed to a piston-cylinder unit with a
cylindrical pressure tube having a surface protection on the
outer side of the pressure tube and with a piston axially
displaceable in the pressure tube and having a piston rod. The
piston rod 1s guided out of the pressure tube at one end side of
the pressure tube through an end side opeming through a
piston rod guide and sealingly through a piston rod seal. An
end region of the pressure tube proceeding from the end side
on the piston rod side 1s excluded from the surface protection,
and the end region excluded from the surface protection 1s
coated with a corrosion inhibitor and 1s covered by a cup-like
protective cap configured to surround the end region and
having a base at 1ts end on the piston rod side. The base has a
coaxial through-orifice through which the piston rod extends
in a displaceable manner.

2. Description of the Related Art

In a piston-cylinder unit of the type mentioned above, dirt
particles can settle on the portion of the piston rod protruding
from the pressure tube and become jammed i1n the gap
between the piston rod and piston rod gwmde, resulting in
damage to the piston rod and piston rod seal. The dirt particles
can also adhere to the piston rod seal and directly impair 1t. In

both cases, malfunctions of the piston-cylinder unit can
result.

SUMMARY OF THE INVENTION

Therefore, 1t 1s an object of the mvention to provide a
piston-cylinder unit of the type mentioned above in which
malfunctions of the piston-cylinder unit caused by dirt par-
ticles can be at least substantially prevented.

In accordance with one aspect of the invention, this object
1s met according to the invention 1n that the imnner wall of the
through-orifice tightly surrounds the piston rod.

As a result of this arrangement, moisture, dust and dirt
particles adhering to the piston rod are stripped off and
accordingly can no longer reach the piston rod guide or piston
rod seal and damage them so that a malfunction of the piston-
cylinder unit brought about in this way 1s prevented.

In another aspect, the surface protection 1s a powder coat-
ing or lacquering, e.g., a spray lacquering or dip lacquering.
The surface protection can also comprise a shrink tubing.

In accordance with one aspect, the protective cap 1s made
of athermoplastic elastomer at least 1n the area of the through-
orifice thereol, allowing 1t to cling well to the surface of the
piston rod and carry out 1ts stripping function. However, 1t 1s
also possible for the protective cap to comprise a thermoplas-
tic at least 1n the area of the through-orifice thereof.

In one aspect of the invention, the protective cap com-
prises, at least in the area of the through-orifice, a material that
1s flexible 1n a temperature range between approximately
—-40° C. and approximately +130° C.

A material of this type can be, for example, nitrile rubber
(NBR), which 1s accordingly well suited for use in motor
vehicles.

A good stripping function 1s achieved, 1n accordance with
one aspect of the present invention, 1n that a radially circum-
ferential elastic seal 1s arranged at the inner wall of the
through-ornifice.

In another aspect, the protective cap and seal are integrally
tormed, which facilitates production and assembly.
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In another aspect, the elastic seal comprises one or more
radially circumierential sealing lips, which preferably have a
sealing edge surrounding the piston rod accompanied by pre-
loading. In this way, the sealing edge acts as a scraper so that
the stripping capability 1s further improved and even particles
that adhere more stubbornly to the piston rod can be stripped
oif.

This improved sealing capability and stripping capability
1s achieved, 1n accordance with an aspect of the mvention,
particularly when the sealing edge has a V-shaped cross sec-
tion, wherein the side of the sealing edge remote of the pres-
sure tube 1s steeply inclined toward the free end of the piston
rod and the side of the sealing edge facing the pressure tube 1s
shallowly inclined away from the free end of the piston rod
with respect to the longitudinal axis of the piston rod. How-
ever, 1t 1s also possible for the sides of the sealing edges to be
inclined at approximately the same angle with respect to the
longitudinal axis of the piston rod.

In order to tightly surround the piston rod, in another
aspect, the circumierential elastic seal 1s arranged at a cull-
like projection of the protective cap, which projects away
from the pressure tube coaxially proceeding from the base of
the protective cap.

Other objects and features of the present invention will
become apparent from the following detailed description
considered in conjunction with the accompanying drawings.
It 1s to be understood, however, that the drawings are designed
solely for purposes of illustration and not as a definition of the
limits of the invention, for which reference should be made to
the appended claims. It should be further understood that the
drawings are not necessarily drawn to scale and that, unless
otherwise indicated, they are merely intended to conceptually
illustrate the structures and procedures described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

An exemplary embodiment of the invention 1s shown in the
drawings and 1s described more fully 1n the following. In the
drawings:

FIG. 1 illustrates a piston-cylinder unit 1n a longitudinal
section view:

FIG. 2 1s an enlarged view of the protective cap of the
piston-cylinder unit according to FIG. 1 1 a longitudinal
section view; and

FIG. 3 1s an enlarged view of the detail X from FIG. 2.

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EMBODIMENTS

The piston-cylinder unit shown in FI1G. 1 has a cylindrical
pressure tube 1, which 1s closed at both ends thereof.

The pressure tube 1 has a threaded bolt 3 at the one closed
end side 2. A first connection piece for the piston-cylinder
unit 1s screwed to the threaded bolt 3.

To produce the piston-cylinder unit, the pressure tube 1 1s
first cleaned. Then a base coat, formed as corrosion mnhibiting
layer, 1s applied to the entire outwardly facing surface 4 of the
pressure tube 1 and 1s hardened by drying.

The end region 6 of the pressure tube 1, proceeding from
the other end side 5, 1s then covered. A surface protection
having a powder coating 1s then applied to the pressure tube 1
in a powder coating process and 1s fired 1n a temperature step.
The above-mentioned end region 6 1s excluded from the pow-
der coating application because of 1ts covering and conse-
quently has no powder coating. Accordingly, the outer surface
of the pressure tube 1 1s now formed by the base coat, 1n the
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end region 6 proceeding from the second end side 5, and by
the powder coating 1n the rest of the pressure tube 1.
Subsequently, mounting parts, including a piston 7, a pis-
ton rod 8, a piston rod guide 9 and a piston rod seal 11, are
inserted into the pressure tube 1, which remains open at the
second end side 5. Further, a pressurized fluid, preferably gas,
1s introduced 1nto the pressure tube 1 under pre-pressure. Itis
now possible to insert the mounting parts and introduce the
pressurized tluid without risk because heat 1s no longer
applied to the pressure tube 1 as was still carried out, for
example, 1 the above-mentioned powder coating process.
Accordingly, there 1s no risk of subsequent damage to the
mounting parts or of an unwanted expansion of the pressur-
1zed fluid, which could lead to destruction of the pressure tube

1.

A circumierential bead 10, which faces radially inward,
1.€., toward the center axis of the pressure tube, 1s now 1ntro-
duced in the end region 6, which was excluded from the
powder coating process. The bead 10 supports the piston rod
guide 9 and/or piston rod seal 11 arranged 1n the pressure tube
1 in axial direction.

Further, the pressure tube 1 1s flanged on the radially inner
side at the second end side 5. On the one hand, the end wall 12
formed 1n this manner closes the end of the pressure tube 1
and, 1n addition, supports the piston rod guide 9 and/or the
piston rod seal 11. On the other hand, the edge of the flange
facing the center axis of the pressure tube forms an end side
opening 13 of the pressure tube 1 through which the piston
rod 8 1s guided out of the interior of the pressure tube 1.

Due to the fact that the end region 6, which was excluded
from the powder coating process, has no powder coating,
there 1s no risk, either when introducing the bead 10 or when
flanging that the powder coating will peel off, particularly
flake off, due to yielding of the pressure tube material.

The end region 6 of the pressure tube 1 1s subsequently
coated with a corrosion 1nhibitor 16, and a protective cap 13
1s pushed onto the end region 6 of the pressure tube 1 from the
piston rod side until it completely surrounds the end region 6.

The protective cap 135, which 1s made of a nitrile rubber
(NBR), 1s formed 1n the shape of a cup having a base 18 at its
end remote of the first end side 2 of the pressure tube 1 and
comprises a coaxial through-orifice 19 1n the base 18 through
which the piston rod 8 1s guided 1n a displaceable manner.

The through-orifice 19 also extends through a cufi-like
projection 14, visible in FIGS. 2 and 3, of the protective cap
15 extending from the base 18 of the protective cap 15 coaxi-
ally away from the pressure tube 1. A radially circumierential
seal 20, having a radially circumierential sealing lip 17 which
surrounds the piston rod 8 under radial pre-loading with a
V-shaped sealing edge 22 1s formed at the end of the projec-
tion 14 remote of the pressure tube 15.

Ascan beseen1n FIG. 3, the first side 23 of the sealing edge
22 remote of the pressure tube 1 1s inclined toward the free
end of the piston rod 8 at a steep angle of 60° with respect to
the longitudinal axis 25 of the piston rod 8, while the second
side 24 of the sealing edge 22 facing the pressure tube 1 1s
inclined toward the pressure tube 1 at a shallow angle of 20°
with respect to the longitudinal axis 25 of the pistonrod 8. As
a result of this arrangement, even particles firmly adhering to
the surface of the piston rod 8 are stripped off and therefore
cannot reach the piston rod guide 9 and piston rod seal 11 and
cause damage to the latter.

Ascan be seen1n FIG. 1, the outer free end of the piston rod
8 1s provided with a second threaded bolt 21. A second con-

nection piece for the piston-cylinder unit i1s screwed to
threaded bolt 21.
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Thus, while there have shown and described and pointed
out fundamental novel features of the imnvention as applied to
a preferred embodiment thereot, 1t will be understood that
various omissions and substitutions and changes in the form
and details of the devices illustrated, and 1n their operation,
may be made by those skilled in the art without departing
from the spirit of the imvention. For example, 1t 1s expressly
intended that all combinations of those elements and/or
method steps which perform substantially the same function
in substantially the same way to achueve the same results are
within the scope of the mvention. Moreover, 1t should be
recognized that structures and/or elements and/or method
steps shown and/or described 1n connection with any dis-
closed form or embodiment of the invention may be incorpo-
rated 1n any other disclosed or described or suggested form or
embodiment as a general matter of design choice. It 1s the
intention, therefore, to be limited only as indicated by the
scope of the claims appended hereto.

What 1s claimed 1s:

1. A piston-cylinder unit comprising:

a cylindrical pressure tube (1) having a first end side (5)

defining an end side opening (13), the cylindrical pres-
sure tube (1) having a surface protection on at least a
portion of its outer surface;

a piston (7), axially displaceable 1in the pressure tube (1),
the piston (7) having a piston rod (8), the piston rod (8)
being guided out of the pressure tube (1) at the first end
side (5) through the end side opening (13);

a piston rod guide and a piston rod seal, arranged 1nside the
pressure tube (1), which cooperate together to sealingly
guide the piston rod at the end side opening (13); and

a cup-like protective cap (15) surrounding an end region (6 )
of the cylindrical pressure tube (1) from the first end side
(5), the protective cap (135) having a base (18) at 1ts end,
the base (18) having a coaxial through-orfice (19) hav-
ing an inner wall through which the piston rod (8)
extends 1n a displaceable manner,

wherein:

the inner wall of the through-orifice (19) tightly surrounds
the piston rod (8),

the outer surface of the cylindrical pressure tube (1) at the
end region (6) 1s excluded from the surface protection,
the outer surface of the cylindrical pressure tube (1) at
end region (6) being coated with a corrosion inhibitor
(16),and

the protective cap (15) comprises a radially circumierential
clastic seal (20) arranged at the inner wall of the through-
orifice (19), the radially circumierential elastic seal (20)
having a sealing edge (22) wherein a {first side of the
sealing edge (22), distal from the pressure tube (1), 1s
steeply inclined toward a free end of the piston rod (8),
with respect to a longitudinal axis (25) of the piston rod,
and a second side of the sealing edge (22), facing the
pressure tube (1), 1s shallowly inclined away from the
free end of the piston rod (8), with respect to the longi-
tudinal axis (25) of the piston rod (8).

2. The piston-cylinder unit according to claim 1, wherein
the protective cap (15) comprises an elastomer at least 1n the
area of the through-orifice (19).

3. The piston-cylinder umt according to claim 2, wherein
the protective cap (15) comprises, at least in the area of the
through-orifice (19), a material that 1s flexible 1n a tempera-
ture range between approximately —40° C. and approxi-
mately +130° C.

4. The piston-cylinder umit according to claim 1, wherein
the protective cap (15) and the radially circumiferential elastic
seal (20) are integrally formed.
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5. The piston-cylinder unit according to claim 1, wherein
the radially circumierential elastic seal (20) comprises one or
more radially circumierential sealing lips (17).

6. The piston-cylinder unit according to claim 5, wherein
cach sealing lip (17) has a sealing edge (22) surrounding the 5
piston rod (8) accompanied by pre-loading.

7. The piston-cylinder unit according to claim 6, wherein
the sealing edge (22) has a V-shaped cross section.

8. The piston-cylinder unit according to claim 1, wherein
the protective cap (15) has a cufi-like projection (14) that 10
projects away from the pressure tube (1) coaxially proceeding,
from the base (18) of the protective cap (15), the circumfier-
ential elastic seal (20) being arranged at the cuti-like projec-
tion (14) of the protective cap (15).

x x * Cx x 15
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